To clarify the stability of the BK polyomavirus (BKPyV) genome in renal transplant (RT) recipients, three to five complete BKPyV genomes from each of six RT recipients with surviving renal allografts were molecularly cloned. The complete sequences of these clones were determined and compared in each patient. No nucleotide difference was detected among clones in two patients, and a few nucleotide variations were found among those in four patients. In each of these patients a parental sequence (usually the major sequence), from which variant sequences (usually minor sequences) with nucleotide substitutions would have been generated, were identified. A comparison between the parental and variant sequences in each patient identified a single nucleotide substitution in each variant sequence. From these findings, it was concluded that the genome of BKPyV is stable in RT recipients without nephropathy, with only minor nucleotide substitutions in the coding region.
BK polyomavirus (BKPyV) is ubiquitous in human populations, infecting children and persisting in the kidney. The renal BKPyV is reactivated in immunocompromised patients, usually without obvious symptoms. A relatively small proportion of renal transplant (RT) recipients, however, develop polyomavirus-associated nephropathy (PVAN) (de Bruyn & Limaye, 2004) . Although host factors (e.g. immunological conditions) are important in the pathogenesis of PVAN (de Bruyn & Limaye, 2004) , the genetic change of BKPyV may also involve the progression of the disease. Indeed, several authors have reported sequence rearrangements in the transcriptional control region (TCR) of the BKPyV genome derived from diseased tissue (Chen et al., 2001; Randhawa et al., 2003) . Furthermore, genetic variations in the BKPyV VP1 gene have been detected in bioptic renal specimens from patients with PVAN (Baksh et al., 2001; Randhawa et al., 2002) . Nevertheless, the implications of these genetic changes for the pathogenesis of PVAN remain unclear. Chen et al. (2004) recently investigated the genetic variability of BKPyV in vivo. They sequenced several full-length viral DNA clones obtained, using PCR, from the striated muscle and heart of a patient with BKPyV-associated capillary leak syndrome (BKPyV CAP ) and also from the urine of one human immunodeficiency virus type 2-positive subject (BKPyV HI ) and one healthy control subject (BKPyV HC ). They detected a high degree of variation (mean difference, 0?29 % per site) in the coding region among clones in BKPyV CAP , and a lower, but still remarkable, degree of variation (mean difference, 0?1-0?2 % per site) among clones in BKPyV HI or BKPyV HC . Non-synonymous nucleotide substitutions (i.e. those resulting in amino acid substitutions) were frequently observed in all subjects. In addition, the authors did not identify a potentially prototypal sequence that might have generated the variant sequences detected in each subject.
The findings reported by Chen et al. (2004) presented a sharp contrast to observations made with JC polyomavirus (JCPyV), a virus closely related to BKPyV. Using the standard method of cloning that allows one to obtain intact viral DNA molecules (Sambrook et al., 1989) , Zheng et al. (2004) established and sequenced five to nine complete JCPyV DNA clones in each of 11 healthy individuals (parents and children in five families), and compared the resultant sequences in each individual. Variations in the The GenBank/EMBL/DDBJ accession numbers of the sequences reported in this paper are AB217917-AB217921.
coding region were detected in six individuals, but not in five individuals. The detected variations were mostly single-nucleotide substitutions, and only three of 10 nt substitutions caused amino acid substitutions. Furthermore, the authors detected possible prototypal sequences at the nodes of family specific clusters of phylogenetic trees.
We examined the stability of the BKPyV genome in RT patients without PVAN, as a basis of future studies analysing possible genetic changes of BKPyV associated with the pathogenesis or progression of PVAV (see above). We established multiple full-sized BKPyV DNA clones from the urine of each of six RT patients with surviving renal allografts, by using the standard method of molecular cloning (Sambrook et al., 1989) . In each patient, three to five complete BKPyV DNA clones were sequenced and the resultant sequences were compared in each patient.
RT patients analysed in this study are shown in Table 1 . Entire BKPyV DNAs were cloned into pUC19 at the unique BamHI site by the standard method (Sambrook et al., 1989) as described previously (Yogo et al., 1991) . The complete BKPyV DNA clones were prepared using a Qiagen Plasmid Maxi kit. Purified plasmids were sequenced as described Nucleotides (amino acids) at positions of the Dunlop genome (Seif et al., 1979) are shown, when differences were detected among sequences from the same patients. The numbers of clones with individual sequences and the GenBank/EMBL/DDBJ accession numbers are also shown. Six clones (TW-1, TW-3, TW-4, TW-5, TW-8 and THK-9) will be reported elsewhere (T. Takasaka and others, unpublished data).
*Previously classified using phylogenetic analysis (T. Takasaka and others, unpublished data elsewhere (T. Takasaka and others, unpublished data). The determined and reference sequences were aligned using the CLUSTAL W program (Thompson et al., 1994) . Translation of nucleotide sequences into amino acid sequences was performed with GENETYX-MAC version 11.10 (Genetyx). A neighbour-joining (NJ) phylogenetic tree (Saitou & Nei, 1987) was constructed using the CLUSTAL W program (Thompson et al., 1994) . Divergences were estimated with the two-parameter method (Kimura, 1980) . The phylogenetic tree was visualized using TREEVIEW (Page, 1996) . The confidence of branching patterns of the NJ trees was assessed based on 1000 bootstrap replicates (Felsenstein, 1985) .
When we recently established full-sized BKPyV DNA clones from the urine of RT patients, we obtained multiple clones in six patients, but sequenced only a single clone for each patient (T. Takasaka and others, unpublished data). In the present study, we determined the clones left unsequenced. A comparison of the sequences determined in this and the other study (T. Takasaka and others, unpublished data) identified one to three unique sequences in each patient (Table 2 ). (i) Three sequences, TW-1, TW-1a and TW-1b, were detected in patient 1. In reference to TW-1, TW-1a and TW-1b carried single nucleotide substitutions at nt 1807 and 1744, respectively, within the VP1 gene [nucleotide numbers are those of the strain Dunlop (Seif et al., 1979) ]. Both nucleotide substitutions resulted in amino acid substitutions within a predicted outer loop (the BC loop) of the VP1 protein (Chang et al., 1996) (Table 2 ). (ii) Two sequences, TW-3 and TW-3a, were detected in patient 2. In reference to TW-3, TW-3a carried a single nucleotide substitution at nt 410 within the agnogene. This nucleotide substitution resulted in an amino acid substitution. (iii) A single sequence, TW-4, was detected in patient 3. (iv) Similarly, a single sequence, TW-5, was detected in patient 4. (v) Two sequences, TW-8 and TW-8a, were detected in patient 5. In reference to TW-8, TW-8a carried a single nucleotide substitution at nt 1156 within the VP2/3 gene. This nucleotide substitution inserted a stop codon. (vi) Finally, two sequences, THK-9 and THK-9a, were detected in patient 6. In reference to THK-9, THK-9a carried a single nucleotide substitution at nt 1127 within the VP2/3 gene. This nucleotide substitution did not result in any amino acid substitution.
The TCR sequences of representative BKPyV clones in patients 1-6 were previously clarified, and all had the archetypal configuration . In the Fig. 1 . NJ phylogenetic tree relating complete BKPyV DNA sequences detected in patients 1, 2, 5 and 6. An NJ phylogenetic tree was constructed from nine complete BKPyV sequences detected in patients 1, 2, 5 and 6, and 10 complete BKPyV sequences detected in unrelated individuals and belonging to subtype Ia, Ib, III or IV (Seif et al., 1979; Tavis et al., 1989 ; T. Takasaka and others, unpublished data) (the non-coding regulatory region of the BKPyV genome was excluded from this phylogenetic analysis). The phylogenetic tree was visualized using TREEVIEW. The tree was rooted using subtype III isolates (i.e. AS and KOM-3) as the outgroup. The numbers at nodes in the tree indicate the bootstrap confidence levels (percentage) obtained with 1000 replications (only values ¢50 % are shown). Subtypes Ia, Ib, Ic, III and IV and sequences detected in patients 1, 2, 5 and 6 are indicated.
present study, we did not detect any difference in the TCR among clones derived from each patient.
To elucidate the evolutionary relationships among several unique sequences detected in patients 1, 2, 5 and 6, we constructed an NJ phylogenetic tree from the BKPyV DNA sequences detected in these patients together with reference sequences reported previously (Seif et al., 1979; Tavis et al., 1989; T. Takasaka and others, unpublished data) . On the resultant tree (Fig. 1) , the BKPyV DNA sequences in patients 1, 2, 5 and 6 formed individual clusters. We detected a sequence (TW-1, TW-3a, TW-8 or THK-9) at the node of each cluster, probably representing the prototypal sequence that generated variant sequences in each patient. It may be worth noting that the prototypal sequences were usually the major ones (Table 2) .
In this study, we investigated the stability of the BKPyV genome in RT recipients without PVAN. We found that the genome of BKPyV is rather stable in these patients, with only minor nucleotide substitutions in the coding region. This finding forms the basis of further study on the genetic changes possibly involved in the progression of PVAN.
The finding noted immediately above is contradictory to a high intra-strain genetic diversity in BKPyV suggested by Chen et al. (2004) . This discrepancy may be related to the difference in the methods used to obtain a full-sized genome. We used standard molecular cloning (Sambrook et al., 1989) , whereas Chen et al. (2004) used PCR amplification. Standard molecular cloning warrants the isolation of intact complete viral genomes, while PCR amplification inevitably involves replication errors, even though the frequency of errors may be reduced by using a thermostable DNA polymerase with proofreading activity. The frequently detected variations in BKPyV (Chen et al., 2004 ) (see above) could have been introduced by the authors during PCR. Nevertheless, it remains to be elucidated whether the BKPyV genome undergoes a high variability in a specific disease, i.e. BKPyV CAP .
In this study, we detected four non-synonymous nucleotide substitutions and one synonymous substitution. Of the four non-synonymous substitutions, three resulted in amino acid changes in VP1 and the agnoprotein, and one generated an incomplete VP2/3 protein due to the insertion of a stop codon. While viruses with incomplete VP2/3 proteins may not be infectious, it remains to be elucidated whether the amino acid changes in VP1 and the agnoprotein cause alterations in the properties of BKPyV.
